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The aim of the current study was to investigate pathways of the Environmental Stress
Hypothesis concerning the role of peer relations in the context of poor motor skills.
First, we examined (1) the mediating role of peer problems in the association between
motor performance in daily activities and internalizing problems as a main pathway of
the Environmental Stress Hypothesis. Furthermore, we explored the role of (2) children’s
popularity as a mediator and (3) best friendship quality as a moderator path of the
effect of motor performance on both peer problems and internalizing problems. The
non-clinical sample of the present study consisted of 189 children (48.6% females)
aged 9–11 years (Mage = 9.69, SDage = 0.46). Parents reported on their child’s motor
performance in daily activities by completing the Developmental Coordination Disorder
Questionnaire. The Strengths and Difficulties Questionnaire was used to assess peer
problems as well as internalizing problems. The Self Description Questionnaire provided
a measure of children’s self-reported popularity. The Friendship Quality Questionnaire
was used to investigate children’s best friendship quality. Results of a structural
equation model suggest that peer problems fully mediated the association between
the motor performance in daily activities and both popularity and internalizing problems.
However, no evidence for the mediating effect of popularity in the association between
peer problems and internalizing problems was found. Further, best friendship quality
had a non-significant moderating effect on the relation between peer problems and
internalizing problems. The mediating role of peer problems highlights the importance
of peer relations in the motor performance of daily activities. Schools and psychomotor
interventions were suggested as practical implications to support children with poor
motor performance in their relationship with their peers and to improve their motor
performance in daily activities.
Keywords: motor performance in daily activities, internalizing problems, peer problems, popularity, friendship
quality
INTRODUCTION
About 5–6% of all school children have motor impairments without any pathophysiology
(Schoemaker et al., 2006; Lingam et al., 2012). Affected children have trouble carrying out everyday
motor activities such as getting dressed, playing ball, or riding a bicycle and generally tend to be
slow, inaccurate, and clumsy in daily motor activities. Two concepts exist that describe children
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with motor impairments: The clinical concept of Developmental
Coordination Disorder (DCD) and the less restrictive concept of
“poor motor skills”. The distinction between these two concepts
will be outlined in the following and the focus of one of these two
concepts for the present study will be explained.
DCD is a developmental disorder characterized by impaired
motor coordination that has an undesirable impact in both
the academic field and everyday life (American Psychiatric
Association, 2013). Neurological disorders such as cerebral palsy
must be ruled out (American Psychiatric Association, 2013). In
the last 20 years, knowledge about DCD in children has greatly
increased (Schoemaker et al., 2006). However, DCD has remained
an unknown and underrecognized disorder (Kennedy-Behr et al.,
2013). Furthermore, there is no effective instrument for detecting
all criteria that are required for a DCD diagnosis, which is why
the term DCD is often used incorrectly and inconsistently. As a
means of establishing a less clinical concept, Mancini et al. (2019)
introduced the term “poor motor skills”. Poor motor skills are not
to be understood as a diagnosis, but rather as an umbrella term
that encapsulates children who show poorer motor skills than
typically developing peers. Independently of whether the motor
skills were identified by a full DCD diagnose or focus mainly on
motor performance in daily activities. For the present study, the
use of this less restrictive term is appropriate because of (a) the
inclusion of studies that have or have not used the term DCD in
a diagnostic sense, (b) the inclusion of children who are yet to be
correctly identified, and (c) the inclusion of children who are just
outside the range of a DCD but still struggle with the negative
consequences of poor motor skills.
While poor motor skills are not a stressor in the classical
sense, the permanent inability to control coordinated motor
behaviors leads to a visible dysfunction in the performance in
daily activities and this could reasonably be termed as a source
of stress (Cairney et al., 2013). A range of far-reaching social and
emotional consequences are the result of this stress and endanger
the development of psychosocial well-being (Skinner and Piek,
2001; Mancini et al., 2016).
Children with poor motor skills often experience negative
and disparaging reactions of their peers. Peers often denigrate,
isolate, and stigmatize affected children because of their visible
dysfunction and tease, ridicule and bully them (Losse et al., 2008;
Cairney et al., 2013; McIntyre et al., 2015; Tal Saban and Kirby,
2019). This might partly explain why children with poor motor
skills tend to have fewer playmates, to be ignored by peers more
often, and to spend more time alone or watching others as they
play (Schoemaker and Kalverboer, 1994; Smyth and Anderson,
2000; Livesey et al., 2011; Cairney et al., 2013). For example,
Smyth and Anderson (2000) showed that children with DCD
aged between 6 and 10 years spent more time alone and were
more often onlookers, than children without DCD. Children’s
social involvement is thus affected and interfered, which might
result in a longstanding reduced quality of life (Rigoli et al., 2017;
Zwicker et al., 2018; Mancini et al., 2019).
As emotional consequences, children with poor motor
skills often struggle with the direct consequences in daily
activities and with their own negative feelings about it. They
report lower self-esteem and self-efficacy (Losse et al., 2008;
Cairney et al., 2013; McIntyre et al., 2015; Tal Saban and
Kirby, 2019) and more internalizing problems (i.e., anxious
and depressive symptoms) (Cairney et al., 2013; Wagner
et al., 2016; Mancini et al., 2019). Internalizing problems are
particularly frequent mental health problems among children
with poor motor skills (Cairney et al., 2013; Wagner et al.,
2016; Mancini et al., 2019). Schoemaker and Kalverboer
(1994) concluded that clumsy children aged between 6 and 9
years are more introverted than children without clumsiness.
Wagner et al. (2016) found in their longitudinal study
that primary school children with gross motor coordination
problems have a 1.73 times higher risk of emotional problems
in adolescence than their classmates without gross motor
coordination problems. Mancini et al. (2019) showed in their
integrative research review that overall, the effect sizes between
motor skills and internalizing problems in community samples
are small to medium.
To understand the complex interaction of poor motor skills
and internalizing problems, Cairney et al. (2010, 2013) developed
the theoretical framework model named Environmental Stress
Hypothesis for a DCD-population. Mancini et al. (2016) adapted
the Environmental Stress Hypothesis by modifying it for general
(poor) motor skills, detached from any DCD diagnosis (see
Figure 1). The core assumption of the Environmental Stress
Hypothesis is that poor motor skills (i.e., primary stressor)
increase the probability of interpersonal conflicts (i.e., secondary
stressors) and ultimately lead to an increased risk for the
occurrence of internalizing problems (Wagner et al., 2016). Social
and personal resources act primarily as mediators or moderators
in the association between secondary stressors and internalizing
problems. Thus, the association between poor motor skills
and internalizing problems is assumed to be largely indirect.
Psychosocial environmental factors, such as peer problems, are
conceptualized as mediators, which aligns with studies showing
that they are a main predictor of psychological disorders such
as depression or anxiety (Boivin et al., 1994, 1995; Burks
et al., 1995; Cairney et al., 2013). Empirical evidence of this
indirect association is growing. For example, Mancini et al.
(2016, 2018a,b) and Wagner et al. (2012, 2016) found that
peer problems mediated the association between motor skills
and internalizing problems. Several studies (e.g., Pearsall-Jones
et al., 2011) pointed out that the influence of environmental
factors, such as negative peer interactions, play an important
mediating role in the relationship between poor motor skills
and internalizing problems (Piek et al., 2007, 2010; Cairney
et al., 2010, 2013). In sum, unique experienced environmental
factors of the children with poor motor skills appear to be
more responsible for internalizing problems than the poor
motor coordination itself (Mancini et al., 2016). However, these
experienced environmental factors of children with poor motor
skills are still insufficiently researched.
Forming relationships with peers is a major developmental
task, especially in middle childhood (Havighurst, 1976). Children
have an interest to be accepted, to have friends, and to be popular.
Popular students are often well-liked and perform well in many
different activities, in sports and games (Cillessen and Berg,
2012). Children with peer problems have often fewer playmates
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FIGURE 1 | The adapted Environmental Stress Hypothesis by Mancini et al. (2016).
and are more likely to be bullied and teased by peers (Goodman,
1997). As a result, children with peer problems are often less
popular among their peers. According to Prinstein et al. (2018),
the more the children are disliked and unpopular, the more
internalizing problems they have. The popularity of children can
be assessed by others, for example by classmates in social network
analyses, or by the child itself, in the sense of self-perceived
popularity. Studies have shown that self-perceived likeability and
popularity is a much stronger predictor of depression than for
example current peer rejection, assessed by other children (Panak
and Garber, 1992; Prinstein et al., 2018). The mediating role of
popularity has not yet been examined in the context of poor
motor skills, peer problems, and internalizing problems. This
represents a desideratum for research within the framework of
the Environmental Stress Hypothesis.
In the age between nine and eleven, the focus with
peers lies on the need for friendships as characterized by
mutual understanding, closeness, and recognition (Traub, 2006).
According to Sullivan (1953), close friends are of great relevance
to child development because they help to question the view
of the world as well as of oneself and to build a realistic
self-image. There is evidence that children who are popular
and well-accepted are more likely to find a good best friend
because their “pool” of potential friends is simply greater than
that of non-popular and rejected children (Bukowski and Hoza,
1989; Bukowski et al., 1996; Nangle et al., 2003; Schneider,
2016). Moreover, popular children, as well as their potential
friends, often have better social skills and can take advantage
of these opportunities to build lasting, high-quality relationships
(Parker and Asher, 1993; Asher et al., 1996; Nangle et al.,
2003; Cairney et al., 2013). But that’s just one side of what’s
being replicated, because best friendship quality can have a
protective mechanism even if the child is suffering from peer
rejection, unpopularity, or peer victimization (Cuadros and
Berger, 2016). Therefore, we examined the moderating role of
friendship quality as a social resource. Indeed, friendship quality
to the best friend, which is characterized by positive dimensions
such as closeness, support, and affection, can buffer negative
effects of peer interaction, like peer rejection or victimization, on
psychosocial outcomes (Sanderson and Siegal, 1995; Oldenburg
and Kems, 1997; Bagwell et al., 1998; Schmidt and Bagwell,
2007; Bagwell and Schmidt, 2011; Cuadros and Berger, 2016;
Schneider, 2016; Bukowski et al., 2018). For example, a Swedish
study with rejected students showed that those with close
friendships reported greater satisfaction in life and in their
interpersonal relationships than rejected students without a
close friend (Schneider, 2016). Parker and Asher (1993) found
significant differences in the reports of rejected children about
their loneliness. The variability about the perceived loneliness
results from the fact that some rejected children have at least one
friend who is an important source of emotional support (Parker
and Asher, 1993; Nangle et al., 2003). Having a high-quality best
friend has two protective functions against victimization and
bullying, a direct and an indirect one (Bagwell and Bukowski,
2018). A high-quality best friend can directly be supportive
by defending and intervening in challenging peer situations as
well as by offering advice on how to react in those stressful
peer situations. Through the emotional support and the joint
coping of peer victimization experiences, friends can promote
resilience and might weaken the negative link between peer
victimization and mental health outcomes, like internalizing
problems (Bagwell and Bukowski, 2018). A high-quality best
friend can indirectly be protective against victimization with
his physical presence in many situations. The physical presence
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leads to fewer opportunities to be bullied and teased because
a supportive friend is by the side (Bagwell and Bukowski,
2018). Furthermore, having a high-quality best friend helps
to develop own social skills and competencies like emotion
regulation skills, and thus foster a child’s positive social reputation
(Bagwell and Schmidt, 2011; Bagwell and Bukowski, 2018).
To this effect, a high-quality best friend can indirectly protect
against victimization by minimizing the risk (Bagwell and
Bukowski, 2018). Little is known about the protective effect
of best friendship quality within the Environmental Stress
Hypothesis framework.
The Environmental Stress Hypothesis framework consists
of many direct and indirect, main and conditional paths.
Therefore, studies often evaluate a subset of pathways embedded
in the superordinate framework model (Mancini et al., 2019).
Peer-related stressors and resources, such as victimization,
social support, and empathy were already tested within this
framework, but in contrast to the present study, these studies
have often examined direct effects rather than indirect and
conditional effects that are fundamental to the Environmental
Stress Hypothesis (Mancini et al., 2016, 2019; Tal Saban and
Kirby, 2019). Mancini et al. (2019), for example, concluded
that moderator variables are still underexplored and have to
be evaluated in future research projects. In addition, popularity
and friendship quality are in the context of motor skills, peer
problems, and internalizing problems still too little researched.
The present study aimed to investigate peer-related stressor as
well as protective factors, like social and personal resources, in
a sample of 9–11 years old children. The age between 9 and 11
years is not only crucial for building and maintaining popularity
and friendships, but the motor performance in daily activities and
their social appraisal starts to increase dramatically at this age, as
Leversen et al. (2012) showed in their study.
The children have all a non-clinical background. Even
without an existing DCD diagnosis, poor motor skills can be
sufficiently stressful and lead to internalizing problems and
general mental health problems of children. We hypothesized,
that (1) the motor performance in daily activities has a
negative (i.e., undesirable) effect on internalizing problems in
a non-clinical sample, and that this effect is largely mediated
by peer problems. Furthermore, we examined, (2) whether
children’s popularity, as a personal resource, mediated the
relationship between peer problems and internalizing problems,
and (3) if best friendship quality, as a social resource,
moderated the positive effect between peer problems and
internalizing problems. Gender and age were included as
covariates. Figure 2 shows the paths tested within the framework
model of the Environmental Stress Hypothesis. The motor
performance in daily activities is modeled as the independent
and internalizing problems as the dependent variable. Peer
problems are modeled as a mediator between the motor
performance in daily activities and internalizing problems and
popularity as a mediator between peer problems and internalizing
problems. Best friendship quality is included in the model
as a moderator in the association between peer problems
and internalizing problems. Covariates are not displayed in
the working model.
MATERIALS AND METHODS
Participants
The present study was part of the project “Long-term effects of
early family risk on children’s maladjustment and self-efficacy:
individual, familial and extra-familial protective processes”
(2016–2019) that belongs to the project “Promoting early
learning and resilience through a strengthening learning dialogue
– A project for promotion and professionalization of early
childhood education in Swiss childcare centers” (2009–2012)
(Wustmann Seiler et al., 2017). The study encompasses three
measurement waves, from early childhood to middle school age.
In 2009, 293 children (47.9% female) and their parents from 25
day care centers in Switzerland were recruited and interviewed.
At the first measurement wave, the children were aged 2–4 years
(T1; Mage = 2.81, SDage = 0.55). One year later, in 2010, the same
children (T2; Mage = 3.76; SDage = 0.49; 47.3% female) at the age
of 3–5 years and their parents were enrolled to participate in the
second measurement wave. Six years later, in 2016, 189 children
(48.6% female) aged 9–11 years (T3; Mage = 9.69, SDage = 0.48)
and their parents took part in the study. The current study only
refers to the third and last measurement wave. While the first two
measurement waves concentrated on familial risk factors, socio-
emotional and behavioral strengths and difficulties, only the third
and final measurement wave focused on poor motor skills and
peer relation factors in relation to internalizing problems. This
developmental time window is of central importance because
middle childhood is when children with poor motor skills begin
to stand out. As a consequence, their peers might begin to react
negatively, as Schoemaker and Kalverboer (1994) showed in their
study with 6–7 years old children. Thus, the social comparison
of motor skills in the school setting leads to social pressure,
which might in turn be linked to internalizing problems. For this
reason, friendship quality and poor motor skills were introduced
at the third measurement wave of the present study. At T3 the
participating families were mainly from the upper middle class:
70% of the mothers and 74% of the fathers had a university
degree. 12% of the children had a foreign language background.
A total of 103 children and their parents dropped out of
the study. The analyses of missing data showed that children
who participated in both T2 and T3 had comparable scores of
internalizing problems (ß =  0.05; p = 0.71) and peer problems
(ß = 0.07; p = 0.81).
Measures
Motor Performance in Daily Activities
The children’s motor performance in daily activities was assessed
by parents using the Developmental Coordination Disorder
Questionnaire (DCDQ-G; Kennedy-Behr et al., 2013). The
DCDQ-G was developed to contribute to the identification
of DCD in children whereby parents compare their child’s
coordination in everyday motor activities to that of their
children’s peers. The DCDQ-G is the German version of the
DCDQ-07 and consists of 15 items that are assigned to three
subscales: control during movement (e.g., “Your child throws
a ball in a controlled and accurate fashion”), fine motor and
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FIGURE 2 | The working model within the framework of the Environmental Stress Hypothesis with the paths tested in the study.
handwriting (e.g., “Your child’s printing or writing letters,
numbers and words is legible, precise and accurate or, if your
child is not yet printing he or she colors and draws in a
coordinated way and makes pictures that you can recognize”),
and general coordination (e.g., “Your child is quick and
competent in tidying up, putting on shoes, tying shoes, dressing,
etc.”). The items are rated on a 5-point scale from 1 [not true
(for my child)] to 4 [true (for my child)]. For the present analysis,
all items of the DCDQ-G (McDonald’s Omega = 0.72–0.87) were
used to assess the motor performance in daily activities. Previous
studies indicated the DCDQ has good psychometric properties
(Wilson et al., 2009; Kennedy-Behr et al., 2013). Wilson et al.
(2009), for example, showed that internal consistency was high
(Cronbach’s Alpha = 0.94). Furthermore, they provided evidence
of construct validity as well as concurrent validity, as DCDQ
scores and the scores of the Movement Assessment Battery for
Children (MABC; Henderson and Sugden, 1992) correlated with
each other (r = 0.55). Also, Schoemaker et al. (2006) reported
results that gave credit to the notion of the DCDQ as a valid and
reliable questionnaire for assessing the daily motor performance
of 4–12 years old children.
Peer Problems and Internalizing Problems
The Strengths and Difficulties Questionnaire (SDQ; Goodman,
1997) is a widely used questionnaire to identify emotional
and behavioral strengths and difficulties of 3–16 year olds.
Numerous national and international studies yielded results
on the psychometric properties of the SDQ and have shown
satisfactory reliability (Goodman, 2001; Koglin et al., 2007;
Gómez-Beneyto et al., 2013). For example, in the study of Koglin
et al. (2007) the Cronbach’s Alpha was between 0.73 and 0.86
for all subscales.
The SDQ consists of five subscales, each with five items:
conduct problems, hyperactivity, peer problems, prosocial
behavior, and emotional problems. Emotional problems are often
defined as internalizing problems, as in the current study. The
parents responded to the SDQ on a 3-point scale ranging
from 1 (not true) to 3 (certainly true). This study focused on
internalizing problems (e.g., “Many fears, easily scared”) and
peer problems (e.g., “Rather solitary, prefers to play alone”).
A confirmatory factor analysis was carried out with the scale
of internalizing problems and the scale of peer problems. The
two items for the latent variable internalizing problems “Often
complains about headaches, stomach-aches or sickness” and
“Nervous in new situations, easily loses confidence” had loadings
of 0.47. Given that this equals an amount of explained variance
of less than 25%, these items were removed from the scale of
internalizing problems, which is in line with Hulland (1999) and
Hair (2014). Regarding the latent variable peer problems, the item
“Has at least one good friend” was removed from the analysis,
because of the low loading of 0.41. As a result, the McDonalds’
Omega reliability was 0.67 for internalizing problems and 0.59 for
peer problems. Given the just acceptable reliability, internalizing
and peer problems were kept in the model as latent variables.
Popularity
The Self Description Questionnaire is one of the most commonly
used instruments for measuring the multiple dimensions
of children’s self-concept, with a Cronbach’s Alpha internal
consistency values between 0.80 and 0.92 (SDQ-I; Marsh, 1990;
Arens et al., 2011). Children completed the subscale self-concept
peer relations. Three items of this subscale measured children’s
self-perceived popularity on a 5-point Likert scale. Children were
asked if a set of sentences tapping into popularity were true (4),
mostly true (3), sometimes true (2), mostly false (1), or false
(0). The following three items were used: “I am popular among
other kids of my age,” “Other children would like to have me as
a friend,” and “Most other kids like me.” McDonalds’ Omega for
popularity was 0.85.
Friendship Quality
The best friendship quality was assessed using the well-
established Friendship Quality Questionnaire (FQQ;
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Parker and Asher, 1993). The scale consists of 40 items with
six subscales, five positive components (Help and Guidance,
Intimate Exchange, Validation and Caring, Companionship
and Recreation, and Conflict Resolution) and one negative
component (Conflict and Betrayal). Parker and Asher (1993)
estimated a Cronbach’s Alpha internal consistency value
between 0.73 and 0.90 for the various subscales. Previously,
the children were asked to write down the name of their
best friend to make a clear reference. In the present study,
the children answered the items of four positive subscales
to assess their self-perceived positive friendship quality
concerning their best friend: Help and Guidance (e.g., “Do
special favors for each other”), Intimate Exchange (e.g.,
“Talk about the things that make us sad”), Validation and
Caring (e.g., “Makes me feel good about my ideas”), and
Conflict Resolution (e.g., “Make up easily when we have a
fight”) (McDonald’s Omega = 0.74–0.88). The answer format
consisted of a 5-point Likert scale from 1 “Not at all true” to 4
“Absolutely true.”
Procedure
The children aged 9–11 years received age-appropriate written
information about the objectives and procedures of the study.
Also, their parents received written information and in addition
verbal information. Both, the children and their parents were
informed about their right to quit their participation at any
time without giving reasons. The participating children and their
parents had to give their written informed consent, agreeing
to cooperate and giving permission for an interview and to
administer a questionnaire. A trained research assistant carried
out the interviews and questionnaires with the families at their
houses. The research assistant interviewed the parents first
and the child afterward. The parents answered more sensitive
questions in a written questionnaire. The children and their
parents were informed, that after completing data collection, the
data were anonymized and used for research purposes only.
All procedures performed in the study were in accordance
with the ethical standards of the Swiss legislation for research
with human participants and in accordance with the declaration
of Helsinki 1964 and its subsequent amendments. Neither at the
time of the original study nor at the time of the follow-up study
ethical approval was required as the local ethics committee of the
Swiss Ethics Committees on research involving humans declared.
Analysis Strategy
In order to analyze the full structural equating model (SEM) with
the moderating role of best friendship quality and the mediating
role of peer problems and popularity in the Environmental Stress
Hypothesis framework we analyzed all data using Mplus Version
8.0 (Muthén and Muthén, 1998-2017). All constructs in the
model were modeled as latent variables, except best friendship
quality. Best friendship quality was modeled manifestly to reduce
complexity. The full information maximum likelihood (FIML)
for missing data was applied. The data of this article can be found
in the Supplementary Material of this article.
The analyses of the current study were divided into three
steps, all realized in one structural equation model. In a first
step, the main effect of the motor performance in daily activities
on internalizing problems was tested and peer problems were
specified as a mediator variable between the motor performance
in daily activities and internalizing problems. The latent variable
for internalizing problems was modeled with the retained
three items as manifest indicators. The three mean scores of
each subscale of the DCDQ were built with all corresponding
items and modeled as indicators of the latent variable motor
performance in daily activities. Motor performance in daily
activities was then introduced as a predictor of internalizing
problems. Peer problems were modeled as a latent variable with
the four retained items as manifest indicators and added to
the model as a further predictor of internalizing problems. An
indirect path from motor performance in daily activities to peer
problems and to internalizing problems was added to the model.
In a second step, popularity, consisting of three items, was added
as a mediator variable between peer problems and internalizing
problems. In a third step, best friendship quality was included
as a manifest moderator of the relation between peer problems
and internalizing problems. To test for the moderation effect
of best friendship quality, the latent orthogonalization method
was applied (Little, 2013). Finally, children’s gender and age were
included as manifest predictors of internalizing problems, peer
problems, and popularity and were allowed to correlate with the
motor performance in daily activities, best friendship quality,
and its interaction. All latent variables were modeled with the
effect coding method (Little et al., 2006). The over-identified
model fitted the data very well [$2(147) = 160.52; CFI = 0.97;
RMSEA = 0.02; SRMR = 0.05].
RESULTS
Table 1 shows intercorrelations between all study variables as well
as their means and standard deviations. The results of the model
are reported in Figure 3.
The Mediating Role of Peer Problems
The analysis showed that peer problems mediated the association
between the motor performance in daily activities and
internalizing problems. While the total effect of the motor
performance in daily activities on internalizing problems was
negative and medium to large (ß =  0.47, p < 0.001), the effect
with the addition of the mediator peer problems was negative,
medium in size and non-significant (ß =  0.26, p = 0.13). In
other words these results suggest that children with poor motor
performance in daily activities had more internalizing problems
because they had more peer problems, although the causality of
this association cannot be determined here.
The Mediating Role of Popularity
There was a medium to large effect of peer problems on
popularity (ß =  0.42, p < 0.001), but an effect very close to
zero of popularity on internalizing problems (b = 0.06, p = 0.70).
Thus, popularity did not mediate the effect of peer problems on
internalizing problems. Nevertheless, tests of direct and indirect
effects showed a significant full mediating effect of peer problems
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TABLE 1 | Means, standard deviations, ranges, and intercorrelations between main variables (N = 189).
M SD Min Max 1 2 3 4 5 6
1 Motor performance 3.34 0.44 1.80 4.00 1
2 Peer problems 1.19 0.20 1.00 2.00  0.46*** 1
3 Internalizing problems 1.27 0.29 1.00 2.67  0.44*** 0.59*** 1
4 Popularity 2.84 0.74 0.33 4.00 0.28**  0.44***  0.24* 1
5 Friendship quality 2.91 0.75 0.75 4.00 0.11  0.14 0.00 0.42*** 1
6 Gender (male) – – – –  0.29** 0.25** 0.06  0.01  0.23** 1
7 Age (years) 9.69 0.48 8.85 11.05  0.01  0.01 0.04  0.11  0.10 0.05
Number 1–4 were latently modeled and number 5–7 manifestly modeled. *p < 0.05; **p < 0.01; ***p < 0.001.
FIGURE 3 | Standardized results of the structural equation model. Model fit ($2 = 160.52; df = 147; CFI = 0.97; RMSEA = 0.02; SRMR = 0.05). *p < 0.05;
**p < 0.01; ***p < 0.001.
on the relation between the motor performance in daily activities
(b = 0.42, p< 0.01) and popularity.
The Moderating Role of Best Friendship
Quality
Best friendship quality had a small to medium non-significant
positive moderation effect on the relation between peer problems
and internalizing problems (b = 0.21, p = 0.15). Moreover, no
significant main effect of best friendship quality on internalizing
problems was found (b = 0.05, p = 0.68). Therefore positive best
friendship quality protects just up to a certain point. After that
point, it is more of a risk factor.
Covariates Gender and Age
The results showed that girls were found to have higher scores
on friendship quality than boys (b =  0.23, p < 0.01) and also
higher scores on the motor performance in daily activities than
boys (b =  0.29, p < 0.01). No association was found between
age and other variables.
DISCUSSION
Summary
The aim of the present study was to examine the role of peer
relations in the Environmental Stress Hypothesis framework.
We investigated (1) the mediating role of peer problems in the
association between the motor performance in daily activities
and internalizing problems in a non-clinical sample as a main
pathway of the Environmental Stress Hypothesis. Furthermore,
we examined (2) the role of children’s popularity as a mediator
of the relationship between peer problems and internalizing
problems and (3) the best friendship quality as a moderator of
the effect of peer problems on internalizing problems.
In line with Wagner et al. (2016, 2012) and Mancini et al.
(2016), we were able to show that the effect of motor performance
on internalizing problems was indirect rather than direct:
Poor motor performance in daily activities is linked to higher
internalizing problems, which might be partly explained by
peer problems, although the causality of this association cannot
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be determined at this point. In accordance with Rigoli et al.
(2017), our results indicated that even without an existing DCD
diagnosis, poor motor performance in daily activities can be very
stressful and lead to internalizing problems.
In contrast to results reported by Panak and Garber (1992),
we found no support for the mediating role of popularity in the
association between peer problems and internalizing problems.
Results showed that children with peer problems perceived
themselves as less popular. But less popular children did not
show more internalizing problems than their more popular
peers. Although, in line with other studies, the intercorrelation
between popularity and internalizing problems was medium and
significant (Bell-Dolan et al., 1995), popularity had no predictive
value over and above peer problems.
Popularity of children is linked to their motor performance.
We found that poor motor performance enhances peer problems
and these in turn influence child’s unpopularity. To the best of
our knowledge, this study is the first to show that children with
poor motor performance are more likely to perceive themselves
as being unpopular in response to peer problems. Children with
peer problems are more frequently bullied and teased by peers
and usually play more time alone (Goodman, 1997).
Best friendship quality had a small but non-significant positive
moderation effect on the relation between peer problems and
internalizing problems. As no main effect of best friendship
quality on internalizing problems was found, the small buffering
effect of best friendship quality on internalizing problems might
only be protective up to a certain point. From that point,
having a best friendship quality is more a risk factor, than a
protective factor, and children who have peer problems have
an increased risk having internalizing problems, if they have a
best friendship quality. A possible explanation can be found in
the best friend attributes. Having a high-quality best friend who
is itself high on peer problems may exacerbate the association
between peer problems on internalizing problems (Bagwell and
Bukowski, 2018). Instead of reducing the internalizing problems,
an increase in the problems occurs. For the buffering function of
best friendship quality having a well-adjusted friend seems to be
necessary (Bagwell and Bukowski, 2018). For this reason, more
information about the friend’s characteristics is required.
Strengths and Limitations
This is the first study that examines both, mediated and
moderated effects in the Environmental Stress Hypothesis
framework. The major strength of the contribution lies in the
complex modeling of the interplay among the various constructs
along the lines of the theory. Furthermore, the addition of
peer problems, popularity, and best friendship quality in the
model, as important peer factors in middle childhood, are other
strengths of the contribution. The study showed support for
the Environmental Stress Hypothesis framework and contribute
to the current state of research on motor performance in
connection with internalizing problems and peer relations.
Even if not all investigated pathways were significant, the
pattern of the model was clearly visible and the effect sizes
were meaningful.
There are also some limitations that need to be considered.
First, only cross-sectional associations could be reported. Thus,
no cause-and-effect relationships could be identified over
time. Furthermore, according to usual guidelines (Muthén
and Muthén, 2002), the statistical power in the study is
limited. One reason for this is the limiting sample size for
the model. Accordingly, the interpretation of the results in
this study should be treated with caution. Studies with a
longitudinal design and a large representative sample size
are required to replicate the results. In addition, there is
no high-risk DCD group. None of the children had a DCD
to their own knowledge. Furthermore, the DCDQ is a self-
report of the parents. Although studies have highlighted
the correlation between the DCDQ and standardized motor
assessments, there is some evidence that the values of the
two measures differ, as a questionnaire never can replace
a standardized motor assessment (Schoemaker et al., 2006).
Additionally, we could not test whether or not the best friendship
was based on reciprocity nor whether the best friend is a
real or an imaginary companion (e.g., Taylor et al., 2010;
Gleason, 2017), as children assessed their friendship quality
by themselves. However, the subjective assessment of the
children’s friendship quality might well be more important
than objective friendship quality in the sense of reciprocity,
which is already well-established in the field of perceived social
support (Uchino, 2009; Eagle et al., 2019). And finally, the child
best friend’s characteristics are missing. Children with same
motor performance level in daily activities tend to befriend
(Peters et al., 2010).
Implications for Practice
The findings of this study lead to some suggestions for
children with poor motor performance to protect them
from the far-reaching consequences of their poor motor
performance. In these contexts, peer relations play a key
role to prevent and reduce negative impacts of motor
performance. Schools and psychomotor interventions are
decisive for this support.
Implications for School
The influence of motor performance on multiple factors, such
as the level of self-perception or peer support, in children
aged 9–11 years, is considerable. Two implications for school
should be mentioned. First, teachers need to have knowledge
of the consequences and complexities of children with poor
motor performance and children affected by DCD, which are
until now frequently undiagnosed (Cairney, 2015). A lack of
understanding can lead to children being misunderstood as
lazy, or defiant (Fox and Lent, 1996; Cairney et al., 2013;
Cairney, 2015). Second, peer problems often arise and manifest
themselves in the school context. Therefore, schools have
a responsibility to reduce multiple forms of peer problems.
There are several evidence-based programs to prevent and
tackle peer problems, such as bullying at school (see for a
systematic review of effective school-based prevention programs;
Gaffney et al., 2019).
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Psychomotor Intervention
While schools can address the problems of peers at class and
group level, at the individual level therapeutic interventions
are needed to support children with poor motor skills in
their relationships with peers. According to Cantell et al.
(2003), Cairney et al. (2013), and Schoemaker and Wilson
(2015), the effects of psychomotor interventions (motor-
based in combination with psychological interventions) for
children with poor motors skills are undisputed. On the
one hand, children can experience success in movement
and action, combined with positive emotions and joy in
psychomotor therapies. On the other hand, they receive
opportunities to learn the interaction with their peers and build
positive relationships. Although psychomotor interventions
and therapies cannot compensate for all adaptive, qualitative
differences in performance, offering efficient strategies and
positive movement experiences helps to prevent the impact of
negative experiences to the academic, social, and emotional well-
being of affected children (Cantell et al., 2003).
CONCLUSION
The present study provides a relevant contribution to the
maintenance and extension of the Environmental Stress
Hypothesis framework concerning the role of peer relations:
1. The study showed that poor motor performance in daily
activities, independent of a given DCD diagnosis, is
associated with more peer problems. These peer problems,
in turn, are positively linked to a child’s internalizing
problems.
2. The present results suggest that children with poor motor
performance in daily activities tend to be less popular,
indirectly affected through peer problems.
3. The study’s results support the notion that best friendship
quality may protect children with peer problems from
internalizing problems up to a certain point, although this
has to be replicated by future longitudinal studies.
Future research within the Environmental Stress Hypothesis
framework is required, especially with moderating effects, to
determine the buffering effect of peer problems on internalizing
problems for children with poor motor skills.
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